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Introduction
Incisional hernias occur through a weakness at the site of abdominal wall closure, unlike other abdominal wall hernias, which occur through anatomical points of weakness 1 . This defect allows for parts of the intestinal tract or other organs to herniate into the subcutaneous layers of the abdomen, which may become incarcerated in the abdominal wall. Patients with an incisional hernia may suffer discomfort, unsightly abdominal distension or less commonly incarceration or bowel obstruction 2 . Surgical repair is indicated if the hernia is symptomatic or associated with complications. The repair may involve placement of mesh via either an open or laparoscopic approach and may be associated with morbidity and recurrent hernia formation 1 . Post-operative increased intra-abdominal pressure is associated with incisional hernia formation 1 .
Established patient risk factors for incisional hernia such as diabetes, older age, renal failure, immunosuppression and atherosclerosis occur in relatively low frequency in women of reproductive age 1 . Obesity, another established risk factor for incisional hernia, is increasing in people of all ages, including women of reproductive age 3 . Surgical factors associated with incisional hernia formation include midline skin incisions, long surgical incisions, emergency surgery, surgical site infections factors associated with increased intra-abdominal pressure in the immediate post-operative phase such as ileus, coughing, and mechanical ventilation 1, 4 .
Surgical techniques also influence incisional hernia formation 5 . A recent study of driving after caesarean section highlighted the lack of information for women about time-to-drive after caesarean section, and raised questions about the possible adverse consequences of driving soon after surgery 6 . Another study highlighted the lack of consensus about activity restrictions to prevent incisional hernia after colorectal surgery 7 .
There is wide variation in rates of incisional hernia occurrence after laparotomy. A recent meta-analysis found an incidence of ventral incisional hernia of 11% in vertical skin incisions and 4.7% in transverse skin incisions, although the majority of patients in that study had undergone gastrointestinal, bariatric, urological or vascular surgery 4 . In a review of 848 cases where a Pfannenstiel incision was used for obstetric, gynecologic, prostate or appendectomy surgery with follow up of 0.5-14 years, the rate of incisional hernia was reported as 0.0-2.1% 8 .
Caesarean sections made up over a quarter of births (26.9%) in the Organization for Economic Cooperation and Development (OECD) countries in 2011, with caesarean section rates rising in most countries from 2000-2011 9 . There is a lack of evidence about whether caesarean section is a risk factor for incisional hernia. The aim of this study was to determine whether caesarean section is a risk factor for incisional hernia.
Methods
The study population included women who gave birth in New South Wales (NSW) private obstetric care, multi-fetal pregnancy, parity, maternal medical/pregnancy conditions, (including chronic renal disease, diabetes, hypertension, asthma, thyroid disorders, autoimmune diseases and morbid obesity), smoking during pregnancy, preterm birth <37 weeks gestation, large-for gestational age (LGA >90th birthweight for gestational age percentile) 15 . Perinatal data are known to be reliably reported in birth or hospital data 16, 17 .
Missing data were infrequent: age at last birth 0.03%, county of birth 0.3%, parity 0.09%, socioeconomic status 0.3% and LGA 0.3%.
Analysis
Women's reproductive histories were created and the last birth prior to incisional hernia repair or before the end of the study period (whichever came first) was determined. Women with an incisional hernia repair prior to their first birth (n=99) and women with only an incisional hernia diagnosis code (i.e. no evidence of a repair, n=878) were excluded. Women whose caesarean section history was not known were also excluded (n=7604). (Figure 1 )
Descriptive statistics were used to summarize the distributions of maternal and pregnancy characteristics among women with and without any caesarean section. Cox proportional hazards models were employed to determine the association between both any caesarean section and the number of caesarean sections, and time to subsequent incisional hernia repair. Women contributed follow-up time until time of an incisional hernia repair or the end of the study. In the multivariate survival analysis, a backward elimination approach was used to drop out non-significant terms with the highest P-value progressively until all terms remaining were significant (P<0.05, two-sided). Terms that were removed were added to the final model one at a time to assess whether they became significance and were confounders of the effect of caesarean sections (i.e. changed its effect by >10%). Crude and adjusted hazard ratios (HR) and 95% confidence intervals (95%CI) are reported.
Results
Among the 642,578 women with known prior caesarean section status, 217,555 (33.9%) had had at least one caesarean section and 1,554 (0.2%) had had an incisional hernia repair subsequent to childbirth. The characteristics of women by caesarean section status are presented in Table 1 . Women who had had a caesarean section were more likely than women who had not had a caesarean delivery to be older, have a chronic medical condition, The frequency of incisional hernia repair in women who ever had a caesarean section was 0.47% compared to the frequency of incisional hernia repair of 0.12% in women who never had a caesarean section (unadjusted HR=3.94, 95%CI 3.55-4.38, p<0.001). After adjusting for all explanatory variables (including abdominal surgery), women who had ever had a caesarean section had more than two and a half times the risk of incisional hernia repair compared to women who had never had a caesarean section (adjusted HR= 2.73, 95%CI
2.45-3.06, p <0.001). 
Discussion
We found a strong association between maternal caesarean section and subsequent incisional hernia repair, and a strong association between increasing number of caesarean sections and increasing risk of incisional hernia repair. The rate of incisional hernia repair after a single caesarean section however was low.
The strength of this study is the large population-based data over a 10 year time period, in which women could be tracked over time in different hospitals in NSW. We included women who had a surgical repair, rather than just women who had a diagnosis code. We were able to adjust for maternal demographic characteristics and perinatal exposures, including morbid obesity, chronic medical conditions, the number of caesarean sections a woman had
had and other open abdominal and laparoscopic surgeries. Surgical procedures are well reported in hospital data 14 . Our study also has face validity as women with established risk factors for incisional hernia including smoking, diabetes, autoimmune disorders, obesity, renal disease and older age had a higher risk of incisional hernia repair 1 . Use of survival analysis allowed us to account for variable length of follow up time after childbirth.
One of the limitations of this study was that it was not possible to ascertain whether the incisional hernia repair was at the caesarean section incision, or another surgical incision site. However the analysis accounted for other abdominal surgery and other perinatal and demographic factors, and showed a dose response consistent with a causal association.
There was also a strong association between other abdominal surgery, including prior incisional hernia repair, and incisional hernia repair. We included women who had an incisional hernia repair subsequent to childbirth and caesarean section. Patient level data on factors such as body mass index, or detailed clinical or surgical information were not available. In addition, women who delivered towards the end of the study period had limited length of follow up.
Apart from a number of small single centre studies in high risk populations, the rate of incisional hernia repair after childbirth has not previously been reported. It was noted by
Browne in his paper published in 1965 from Dublin that "the state of the abdominal wall in some cases of multiple repeat delivery is deplorable" 18 . In their series a ventral wall hernia was found in 3/182 (1.6%) women who had 3 or more caesarean sections, and in 2/43 (4.7%)
women who had had ≥6 caesarean sections. A case series from Nigeria showed that 22/701 (3.1%) women who had a caesarean section had an incisional hernia, however the authors state that of the 22 women who developed an incisional hernia all had had a midline skin incision 19 . A study from Pakistan showed a 5.6% rate of incisional hernia after midline caesarean section 20 .
Caesarean section is routinely performed in a lower transverse skin incision in Australia. In uncommon cases, such as when hysterectomy is planned for suspected placenta accreta or concurrent gynecological cancer, then a subumbilical or less commonly supraumbilical, midline skin incision may be performed at caesarean section. However, rates of caesarean section vertical skin incision of 2.6% have been reported in a multicentre study in the United States, as this was thought to be a more rapid way to deliver the fetus in an emergency situation 21 .
A meta-analysis of studies has shown lower rates of incisional hernia with continuous (vs. This study provides further information about the long term complications of caesarean section. There is a recognised association between caesarean section and long term, rare maternal morbidities, including placenta accreta and placenta praevia, hysterectomy and chronic pelvic pain 27 . Further attention should be directed towards prevention of incisional hernia, by exploring potentially modifiable factors such as surgical techniques. In addition, further efforts could be directed towards prevention of the first caesarean section. 
